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ABSTRACT 


Morphometric, band-pattern and electrophoretic analysis on Cobitis taenia complex 
were performed to investigate the morphological and genetic differentiation and to 
clarify their taxonomic status. Intermediate types of band-pattern (C and D type) were 
more frequently expressed than that of typical types of C. t. taenia (type A) and C. t. 
lutheri (type B). Sexual dimorphism of band-pattern was observed not only in C. t. 
lutheri but also in C. t. taenia and C. t. striata as well. Discriminant function analysis 
based on 19 morphological characters shows no significant differences among C. 
taenia complex. The degree of genic variation of C. t. striata was higher (A=1.48, 
P=31.2%, Hp=0.082 and Hg=0.009) than those of C. t. lutheri (A=1.43, P=27.0%, 
Hp=0.066 and Hg=0.079) and C. t. taenia (A=1.37, P=24.7%, Hp=0.058 and 
Hg=0.065). The average genetic similarities between C. t. taenia-C. t. lutheri and C. 
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t. taenia-C. t. striata were S-0.62 and S-0.66 respectively and these values indicate 
that C. t. taenia has evolved specific level of differentiation. C. t. striata and C. t. 
lutheri show subspecfic level of close genetic similarity (S-0.82). Based on the 
divergent time estimate (Nei, 1975) it is assumed that C. t. taenia was branched off 
from the other subspecies about two million years before present (MYBP) and C. t. 
striata and C. t. lutheri were differentiated about 0.6 MYBP. The use of C. sinensis 
as the scientific name for the Korean C. t. taenia, proposed by Kim and Lee (1988) 
seems incorrect since they are quite different in the structure of lamina circularis 
(Vladycov, 1935), the external morphology and distribution (Cheng and Zheng, 1987) 
and the chromosome number (Yu et al., 1989). Kim and Lee (1988) also argued that 
C. t. striata and C. t. lutheri should be treated as distinct species but the present study 
and other reports (Kim and Lee, 1984; Kim and Yang, 1993) do not support it. We 
conclude that C. t. taenia is a good species and C. t. striata and C. t. lutheri are 
subspecific status. Their scientific names should be revised in the future. 


Key words: Taxonomy, Cobitis taenia, Sexual dimorphism, Morphology, 
Electrophoresis 


M = 


amA 7] g Z7 3Hfamily Cobitidae) 718 7W8& (genus Cobitis) le ASME PA 
9 7Heap-zvu] 74e] SHAE Sas] vm, BAIA SES ELE ga 8$ 
oHlEo] E&&susoe]| Wd(Kim, 1980: Kim and Jeong, 1987: Kim and Lee, 1988: 
Yang et al., 1989). WVZ AA ASH (spotted type), FHA (stripe type) 9t JWA 
(crossband type) 37.4] & u4x, AAAY Sadao] &sHe C. taenia complexi: 4AA 
Ero] ug ASE So] xpo|z 74A Sol A C. taenia taenia LinneCl & € 
7D. C. t. striata Ikeda £70) 2 C. t. lutheri Rendah (REFA) 3 SLE Ei 
jgid(Kim, 1980). 234 Cobitis & eie] FA E39 dg ASSES ASE Bates 
PAE ugue dere S ES Be SAS 7A Att(Viadycov, 1935: Ikeda, 
1936: Aizawa, 1981: Kim et al., 1991). AZ Kim»! Jeong(1987)2 Bart C. t. 
taenia9] ASME SUL FAA C. taenia?ke AA Aol $19 EFA C. sinensis 
Sauvage and Dabryi9M Abel}. ae] #34 C. sinensis) synonyma} Fe sr 
gla, Kim Lee(1988)= c#2L= BHAA C. t. lutheri} C. t. striata tHe AS 
BE Bolo] 91e] C. t. lutheri= BABAR] YEH} C. t. striatas APU Ežo] 
7H uu] QE AJA apopdxb FUF, Says] FASS] AS So] C. t. lutheri% 
C. t. striatal S98 8zesz AFA (Kim and Lee, 1988). BAY d €(1992)€ 


d 


C. taenia 39FgxXk S uel dis JAA Bo] 9 AAA Eel] Bs Sa vb Ty 
sl ub glo] Su SAA Seay, eju] HS»: g AF Azo BS yol VE AS SA 
aza} C. taenia complex) 32 47) 5848 Yger PHS WES EAP] WSS 


JAI So] Het BAS gg suu suu. 
EX eredi Kim(1980)9 2H 9 BEAMS 79x so C. taenia complex 3 +e 


ote 5 Z4 Cobitis taenia complex9| BRSIA| 18 153 


J qe sqsde dus xasue ea aided Ie FAES BAS AA 4 epéel 
Es BH AAS PRHA sss. 


Auer 19824 79 119] 4H 1991'd 628 6U Apelo Kim(19809] BF 9l BAAS 
Jeon(1983)2] AIA BES zezz VSS BH. d deu. C. taenia complex $ 
wu ZR AJA JAEL C. t. taenia, 43% AFAA 824 FAE C. t. striata, 2 
ap AAY wee PAHA L AAI #9 sae] due C. t. lutheriz TEHA C. 
t. taenia 1178 d'€, C. t. striata 67) Ad. C. t. lutheri 5A BAS SF 227 AtS A 


H 

Su(Table D. £ 14 C. taenia complex 9| FBASS AAA Kim(1980)9] FA 
AS us. 

55a Ae MAE 10% formalin $A DIR X, 70% alcoholel] LAIRA} € 
AZ Aiae, BASE dee qES BRA BEAR. ASYAS Hubbs 
9| Lagler(1964)9] 9Piel wet Yang (1989) Gol JA AFA 1178 HAS SVs 3 
qae] us 1971 Basar] Eg sho] SPSS program(Nie et al., 1975)S 9| & At WS 
#4 (discriminant function analysis) & ANIA. zb 449 AHA ABNEY Ast A 
AoA (sexual dimorphism) 4te|& 2487] Ata zpeibubel] ps C. 
taenia 3449 Het WHAS 87e PHesD(Fig. 1) qv AAS] VEA MEE zt 
Sac. 


+} (horizontal starch gel electrophoresis: HSGE)& 218A. d7ld $99 € 
AA A EA G42] 52} buffer systeme Table 24% du. 4 4 4 At 
5. o|£5]o] BIOSYS-1 program (Swofford and Selander, 1981) .& Az 
aen ol computeri IBM PC €$ 7]££ ABA. BAS 4 SR gad raa 
"(allele frequency). FARF? aub RA), FBBN=E(% polymorphism, P) 9! 
AJAJ AY Was] JAAA "= (heterozygosity, Hp) PAAA Se o| 38 
bau] MEHE 3e gewsge FAA AE AGAT. oue El 
A zou $a WES Ede s Rogers(1972)9] AJ ZAA(S)A Nei(1972)9] 
AA ApRSDAp(D)& TIAA. LS 2} of So] JAA ASS Neill975)9] FAA AIRA. 
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pu oce 
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) HBO] BA 

C. taenia 3 449 ABW Wo) (Fig. 1)S 7FLEZ z SE] x Aaaa B 
HEH o)E ZAM Aw Table 33: Zub Fig. 19] A = Kim(1980) o] Hus AJANA 
C. t. taenia) X830], BE C. t. lutheri ZA BA] Bo] 4717] aA ras] WEFO 
= Uchida(1939) V Kim(1980)°] 9 »$ dese APs wEPolc}. F type& ula 
2 C. t. striatal] ABAD Wadon, HE uale] Gee C. t. lutheri tA st 
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Table 1. Collection localities, dates and number of specimens of the 3 subspecies for the analyses of band-pattern 
on body side, external morphology, and electrophoresis. Letters under the number of specimens represent band- 


pattern (B), morphometric (M) and electrophoresis (E). 


Number of 
Collection locality Date specimen for 
B M E 
C. t. taenia 
1. Munkyong: Kyongsangbuk-do, Mukyong-gun, Munkyong-eup 18, Jul. 1988 43 - - 
2. Kyongjoo: Kyongsangbuk-do,Kyongjoo-city 17, Jul. 1988 65 - 20 
3. Hapchon: Kyongsangnam-do,Hapchon-gun,Hapchon-eup 26, Jul. 1986 58 48 20 
4. Daeyang: Kyongsangnam-do,Hapchon-gun,Daeyang-myon 26, Jul. 1985 40 - - 
5. Sangjoo A: Kyongsangbuk-do,Sangjoo-gun,Konggum-myon 19, Jul. 1988 64 23 10 
6. Sangjoo B: Kyongsangbuk-do,Sangjoo-gun,Konggum-myon 17, Jun 1988 27 - - 
7. Naeso: Kyongsangbuk-do,Sangjoo-gun, Naeso-myon 17, Jun 1985 20 - 10 
8. Sanchong: Kyongsangnam-do,Sanchong-gun,Sindeung-myon 26, Jul. 1988 126 79 20 
9. Chungsong: Kyongsangbuk-do,Chungsong-gun, Wolmak-myon 19, Jul. 1988 12 - 20 
10. Andong: Kyongsangbuk-do,Andong-gun, Iljik-myon 19, Jul. 1988 26 - - 
11. Jinyang: Kyongsangnam-do,Hanam-gun,Jinyang-myon 11, Jul. 1982 15 - - 
C. t. striata 
12. Hadong: Kyongsangnam-do,Hadong-gun, Hwagae-myon 11, Jul. 1985 133 49 20 
13. Bibong: Kyongsangnam-do,Sachon-gun,Sachon-myon 12, Jul. 1985 26 - 20 
14. Chongeup: Chollabuk-do,Chongeup-gun,Sannae-myon 6, Jun 1991 17 - 18 
15. Sachon: Kyongsangnam-do,Sachon-gun 25, Jul. 1985 42 37 20 
16. Jinan: Chollabuk-do,Jinan-gun,Maryeong-myon 14, Jun 1984 8 = - 
17. Imsil: Chollabuk-do,Imsil-gun,Sinpyeong-myon 15, Jun 1984 34 34 20 
C. t. lutheri 
18. Seungjoo A: Chollanam-do,Seungjoo-gun,Sangsa-myon 30, Jul. 1985 62 - 20 
19. Seungjoo B: Chollanam-do,Seungjoo-gun,Sangsa-myon 20, Sep. 1985 45 86 - 
20. Nonsan: Choongchungnam-do,Nonsan-gun, Chaewoon-myon 24, Jun, 1985 35 34 20 
21. Haenam: Chollanam-do,Haenam-gun,Samsan-myon 28, Jul. 1985 19 - 20 
22. Wanjoo: Chollabuk-do,Wanjoo-gun,Kosan-myon 10, Sep. 1985 29 26 - 
23. Changheung: Chollanam-do,Changheung-gun,Changheung-eup 26, Apr. 1985 - - 20 
£39olu. Æ C,D.E type C. t. taenia 3 C. t. lutheri?] XA del wo] Sase 
Futa] wHz99z4 C2] AP crossband A18 9|» AIAJ Wyo) Ede AAA 
xeu. Dè Aige| As] AAJA FAJLI utu 39$ MAAE ders tel 
. Ee Ads] FES BA] JAE glow uso dez rtg 


"j s 

ch. 39HÉ C. t. taenia 114 Bt. C. t. striata 67] HA, C. t. lutheri 57 At € 
$ 227] uu 9437] 4E due IFS PH PHS atë Re BAS} (Table 3). 
. t. taenia = YPU WZA Wm ape|zE BAG. C. t. taenia JAANE BE 671419] 

Wego] HAARE, 9| Sf #2439 C.D type9] WEE 7526(230 WA) AF BE WE 
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Fig. 1. Variations of band-pattern types on the body side of three subspecies of the C. taenia from Korea. 


£ gB9gou S DHE A types But} we 22%(67HMA)Z Gera. x9 SAY $ 
F typex 9zs]919.u 0.98% (3A) & AEF AS F C. t. taenia TAL WAA 9| 


alo] cd oa babel 77bxpe| wk o] SAAE AJAA Weel A type 190713] 
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Table 2. Buffer systems and enzymes for the analysis of horizontal starch gelelectrophoresis. 


Buffer system E.C. No* Enzyme Condition 
TCI 1.1.1.37 Malate dehydrogenase (Mdh-1,2) 100V/3 hrs 
(pH 8.0) 1.1.1.27 Lactate dehydrogenase (Ldh-1,2) 

1.1.1.42 Isocitrate dehydrogenase (Idh) 

1.4.1.2 Glucose dehydrogenase(Gdh) 

2.7.5.1 Phosphoglucomutase (Pgm) 

5.3.1.8 Mannose phosphate isomerase (Mpi) 

1.1.1.8 Glycerol-3-phosphate dehydrogenase (aGpd) 
LiOH N.S."* Esterase (Est-1,2) 300V/3 hrs 
(pH 8.1) 
Poulik 5.3.1.9 Phosphoglucose isomerase (Pgi-1,2) 250V/2.5 hrs 
(pH 8.2) 1.1.1.1 Alcohol dehydrogenase (Adh-1,2) 

N. S. General protein (Gp-2,3,4) 
TM 2.6.1.1 Glutamate oxaloacetate transaminase(Got-1, 2) 100V/5 hrs 
(pH 7.4) 1.1.1.43 6Phosphogluconate dehydrogenase (6Pgd) 

4.2.1.2 Fumarate dehydrogenase (Fum-1,2) 

1.1.1.49 Glucose-6-phosphate dehydrogenase (G6Pdh) 

1.9.3.1. Indophenol oxidase (Ipo) 


* E.C. No.: Enzyme commission number 
** N.S.: Non specific 


* 12784 e HA FAY 6.3%] Bast WA 2/899! C.D.E type IAA & 5096 3X 
ac. tH c Aep4i EAA F.G.H type PEGE 8474]4]€ 43.7269] SS SHYNESS H 
o|m YAA F type Sto] 0.98269] BS WES sel ABE = ael AAR. 

C. t. striata "à $-e AAA] F.G.H types] SRG] AAAA SAsD Yor uel 
^| MAS SA 1AA] D types] SAS Bola UAG. Sb WTS Wes ABA a 
A] AAS 10574] E 9971031 (94%) 7} C. t. striatal] HBA WHO Buse Ftypeel a 

Wee € NAAA BRSAT A xem Vr. au PAA AP F type] 15.1% (2474 
aol wr C. t. lutheri FAA WA?) WESANA H typecl 40.3% (64714) & abs F 
9| H9] #739 G typex 42.126(67713]) 9] VEZ SASS YP WEM] apo]E BY 
q. doge pg FEZ 4g RSS AS seedy Aga EA SAIS F type 
e| F 9526, FAME H typeol Y 59% & 8s Ql F T AA 

| eet 23 aoa Arto] x $e C. t. lutheri9] A? JAANE C, 
TR WHEgSz ue] 84.596(87743]) mE AbzlaHeou JAA AAAA «tE89 
type2 Hale] 13.6% (14744) Bsa. AAAA Sage] zz G type 1 AA 
FAS AFE AAA Va es WEA] essel ( 
ARAN xu AN C, D. E type? 570A AAS) 67.8%, aay VANJ 42 
el $ul$ H type& AAJ 2626€ AAIE SZ BES WE xl YER. TAU C. 
t. lutheri ANE YH zs SYS VEFA Z F types] MAA AB LAJA HAT. 


a 


ONG S-sHzA Cobitis taenia complex2| 2393 I% 157 


Table 3. Frequency distribution of band-pattern types in each populations within 3 subspecies of C. taenia. 


: SPOT INTERMEDIATE STRIPE 
Populations N 
A B C D E F G H 
C. t. taenia 
female 
1. Moonkyong 30 1 26 2 1 
2. Kyongjoo 26 2 5 19 
3. Hapchon 25 4 1 5 13 
4. Daeyang 40 5 4 29 2 
5. Sangjoo A 16 1 11 4 
6. Sangjoo B 39 19 7 13 
7. Eunwon 17 8 6 3 
8. Sanchong 87 25 21 41 
9. Chongsong 7 1 6 
10. Andong 11 2 2 7 
ll. Jinyang 7 1 1 5 
male 
1. Moonkyong 13 1 4 6 2 
2. Kyongjoo 39 4 9 5 14 6 
3. Hapchon 33 1 6 1 16 9 
4. Daeyang - 
5. SangjioA 11 1 3 5 2 
6. Sangjoo B 25 4 1 12 6 2 
7. Eunwon 3 1 2 
8. Sanchong 39 5 9 10 6 7 2 
9. Chongsong 5 1 3 1 
10. Andong 15 5 10 
11. Jinyang 8 1 1 6 
C. t. striata 
female 
12. Hadong 38 36 2 
13. Bipong 10 1 7 2 
14. Maejookri 10 10 
15. Sachon 30 29 1 
16. Jinan 3 3 
17. Imsil 14 14 
male 
12. Hadong 95 9 30 56 
13. Bipong 16 2 10 4 
14. Maejookri 7 2 5 
15. Sachon 12 5 7 
16. Jinan 5 1 2 2 
17. Imsil 20 5 13 2 
C. t. lutheri 
female 
18. Isachon A 25 2 22 1 
19. Isachon B 32 3 3 26 
20. Nonsan 19 1 8 5 5 
21. Haenam 15 3 11 1 
22. Wanjoo 12 7 5 
male 
18. IsachonA 20 18 1 1 
19. Isachon B 30 3 21 2 1 3 
20. Nonsan 16 1 15 
21. Haenam 4 4 


22. Wanjoo 17 4 5 6 1 1 
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MALE 
C. t. taenia O FEMALE 


C. t. striata 


.80 C. t. lutheri 


Fig. 2. Histogram of the frequency differences of band-pattern type between male and female within each 


subspecies. 
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Table 3 A BE to} So] 39442 X3 7A BA 

ARAA ebebx: C. t. taenia} C. t. lutherie UY. BH dHESuW7 9s 

o| #2 WEILE utu. C. t. taenia FAL C. t. striata 8 C. t. lutheri} YAS 
WHAS PASE we We ERE yey 3 o E BS gaaat Aso] Fata. 

Table 3 AA AJA BER Eo] de Ads £z EAM dzkFig. DAAE zt ep st 

Ee] glo] AP Fas Aaaa BAAD, $3] C. t. striata} C. t. lutheri 

FAMAJ VEAL UH 28s AAJ wee of $7 AQ] SSH] Gol Bela. 


ua 2} $e S24 weeds 
] 


Q 


2) 9| Sep 

C. taenia 3 449 ANES AMA 389 39] JAJAA HTS dolus Sue 
€ ANIA. eme] Za HBA 227) AAS C. t. taenia 371 HA3, 5, 8). C. 
t. striata 37Wdx*(12. 15, 17), € C. t. lutheri 37839(19, 20, 22) 971 BA 416 A 
AZ ALZ JPA AGS xset 1170 ¥AS Asp» 197809] Ba SAHE Hele] 3 


CANONICAL DISCRIMINANT FUNCTION 1 
-3 o 3 


CANONICAL DISCRIMINANT FUNCTION 2 


Fig. 3. Plots of the first and second discriminant functions for 6 populations of C. t. taenia (a, CTT), 6 
populations of C. t. striata (b, CTS), 6 populations of C. t. lutheri (c, CTL) and all populations (d). M: male, F: 


female. 
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Table 4. Four of 19 body proportions showed differences among 18 populati~.s of 3 subspecies of C. taenia. 


Values represent the mean + SD. 


Population N Sex CPD/HL SL/CPD SL/HL OD/BD 
C. t. taenia 
3. Hapchon 21 female .41 x .023 11.43 + .644 4.66 + .158 3.69 + .194 
27 male .44 + .023 10.64 + .476 4.67 + .117 3.54 + .194 
5. Sangjoo A 14 female .39 + .027 11.78 + .688 4.57 + .179 3.88 + .218 
9 male .39 x .026 11.70 + .596 4.59 + .235 3.92 + .166 
8. Sanchong 67 female 47 x .024 10.79 + .465 5.04 + .186 3.42 + .207 
12 male 48 + .025 10.25 + .681 4.91 + .226 3.28 + .191 
C. t. striata 
12. Hadong 10 female .44 + .018 11.19 + .502 4.58 + .939 3.42 + .287 
39 male .45 + .023 10.38 + .647 4.68 + .162 3.47 + .198 
15. Sachon 27 female .51 + .028 9.97 + .502 5.04 + .160 3.28 + .171 
10 male .51 + .020 9.42 + 448 4.09 + .329 3.17 + .146 
17. Imsil 18 female .43 + .036 11.27 + .855 4.89 + .188 3.48 + .305 
16 male .46 + .027 10.47 + .684 4.83 + .184 3.40 + .190 
C. t. lutheri 
19. Seungjoo 47 female 41 + .036 11.30 + .882 4.62 + .175 3.73 + .245 
39 male .41 + .028 11.00 + .848 4.52 + .174 3.58 + .302 
20. Nonsan 18 female .45 + .029 10.54 + .638 4.77 + .685 3.07 + .262 
16 male .46 + .023 9.87 + .339 4.58 + .408 3.26 + .151 
22. Wanjoo 10 female .45 + .029 10.49 + 486 4.65 + .207 3.57 + .158 
16 male .44 x .036 10.17 + .629 4.45 + .198 3.42 + .271 


"EA JAZ Meu. ag AHE o] Sse] SPSS programe] Yet JAWARA 
(discriminant function analysis) € 4^lsl$id. 197] 84 $ A79 PAS ofS Q 
"ux AoE & v 999 CPD/HL, SL/CPD, SL/HL 8 OD/BD&& 3 ee zs] aa 
at Aol} dslsic (Table 4). 197] AA JAE 8S JAPARA a»(Fig. 3) 4 xe 
Al Sees Bele C. t. taenia 671 At(Fig. 3a), C. t. striata 671 WA(Fig. 3b), 
* C. t. lutheri 671 @A(Fig. 3c) 18A dum 9783A aue] AF z eres] 
^X AE Eom MUA. xs Z} of So] PASS AF FH] 30-4 A MAE lel 
IPoA EA APE SE me] 44t Apo] EB c AM (Fig. 3d). HARA 
Baz HAS Able] modu E Zt E AxW(Table 5), MAEA HAAZ wl 
4 att S2 go} gue ASAE Suez 24x] yehe. Table 5 

Sj 20] AAZ C. t. taenia FRAA(3) HAS] AF 
striata 8 C. t. lutheri HAS} JAA SAMS Bolg, Ye z 
AA) SAMS ute BSAA AoE Hu. Sols A 
QE C. t. lutheri) WAA} 7 Ao] duet 


= 
SH SEE ALPS AA 2096€ C. t. striata 25%, . taenia 23969] |] 28 


otA103 


ols 


on 
‘i 
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Table 5. Frequencies of grouped cases with related populations from actual populations within each subspecies of 
the C. taenia complex. Numbers refer to the collection localities listed in Table 1. F (female) and M (male) 


represent sex of each group. 


LÀ MM M M — ————— M ———M——————— 


C. t. taenia C. t. striata C. t. lutheri 


Population 3 5 8 12 15 17 19 20 22 


FM FM FM FM FM FM FM FM FM 


3. Hapchon F.(21) .57.05 .05 .05 .09 .10 .09 
Hapchon M.(27) .07 .44 .22 .15 .04 .04 .04 
5. Sangjoo F.(14) .07 .79 .07 .07 
Sangjoo M.( 9) .56 .11 .22 11 
8. Sanchong F (67) .02 .02 .02 .62.13 .02 .03 .08 .02 .03 
Sanchong M (12) .08 .58 .08 .08 .08 
12. Hadong F.(10) .40 .10 .30 .10 
Hadong M.(39) .15 .64 .03 .08 .03 .08 
15. Sachon F.(27) .04 .07 .85 .04 
Sachon M.(10) .20 .80 .10 
17. Imsil F.(16) .06 .13 .06 .13 44 13 
Imsil M.(18) .06 .06 11 .17 .06 .06 .22 .06 .41 .06 .06 
19. Seungjoo F.(47) .17 .04 19 .30 .19 .02 .06 
Seungjoo M.(39) .08 .10 .03 .10 .56 .10 .03 
20. Nonsan F.(18) .06 .89 .06 
Nonsan M.(16) .06 .06 .81 .06 
22. Wanjoo F.(10) .10 .10 .10 .60 .10 
Wanjoo M.(16) .06 .06 13.75 
Aog uso» C. t. striatas] YA PAUH 79 welt Jalal 18/4 d$ 1178 dus 
age Bq vols usus de xs du cgi den AAE 22.2759] BIA 
c 9 Ep wel pg AS Juve C. t. lutheri #49 JA WASH 88769] dU DHIS 
Ho} Vou) 304-4 BE S upel7b Aso gue] DHA] 80259]4& Bole zte C. t 
striata XA (15) 494s} C. t. lutheri 1423) HBA S 4A duel Srey 50% 
late] dajpg& Mel Aeto] 77 duel vol PASSA Ast 4 oS € At ose Tes 


3) 598284 
ae 157] del ARE 2887704 £z ANAFAA 167409] & 9 yaad ayaa 
25749] AAS dés dus dua WES Tem Tae 6: 2u. $ 257 fA 
ake Adh-1, Adh-2. Gp-2. Gp-3, Ldh-2 & Me 67] A Azb(24%) = 157| du x 
F SUG HAMAS olds BRO una 197 Ta bu AAR. 
Est-1, Got-2, G-6-Pdh, 6Pgd-1, Pgi-1 9 Pgi-2 S 67 PAZH24%)E= 474 o% dl 
Bias 7L dee WoE usulgu. C. t. taenia YASH G F STE dla 
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UEA} 2A Yeh Est-2, Fum-1, Ipo 8 6Pgd-29| 47| $29:31(016 22): NB ug ul 
Hdpe agree 33(Gp-2»—0.05, Pgi-1> = 0.039] C. t. lutheri dex Js] 
SHA abe|zb FRSA, Wol7} WR Est-13H Idh9] SARAS C. t. taenia} Eb XoEE A} 
oqe AHAHA WE xpe]7L VAA. Got-2€ C. t. taenia} C. t. striata aAA uel 
Ah MEI HARSHA eM. C. t. lutheriel^] 4°17} 4AE ut 6Pgd-12- C. t. straiata7} 
C. t. taenia 9€ C. t. lutheri} ABAF NE abe] AAG. zb ok Huy guit gps 
=e C. t. taenia RUS C. t. striata C. t. lutheri] &o| BAN]. C. t. taenia 
x Est-l. Mdh-1 € Pgi-1 #9 FARAN &b FAH Su WE FAA elssgeu 
Est-1& AJI IE BE FARNA SS qglas meu. AA, C. t. lutherid ys 
Got-1, Got-2, G-6-Pdh, Ldh-1, Pgi-1 8 Pgm © 67| $3834(249:)9]A4 Bol7} gsrom 
quar Ho] abe]7t AIA. 

A oS] Bt FAA woepSsx(Table 7)£& YUMA C. t. taenia7} A=1.37, P= 
24.7%, Hp=0.058, 9 Hg=0.0652 2 wo] B=7} 74 Beta, C. t. striata7t A= 
1.48, P=31.2%, Hp=0.082, 9 Hg=0.099, C. t. lutheri= A=1.43, P=27.0%, 
Hp=0.066, 9 Hg=0.07924 34 ZANE C. t. striata PAA elg) A} Sok 
q. 38 157] 449 Bt FAY Bo] PEE A=1.42, P=27.5%, Hp=0.072, X 
Hg=0.0802 tb JF) Qt AA AJAA HAFA (Selander, 1976). 

Table 62] AYAR WES | SS] Rogers(1972)9] FAA SAAS T$ AME Table 8 
3 Zo) #5) WAT) C. t. taenia AH] S-0.971& FAR ZAWA zwi ud 
Xe» 3329 C. t. taenia AA} &T(189l C. t. lutheri d'*v| S=0.55622 714 
"usu. 3049) Vaz Bt SARE C. t. taenia 67] Ato] YE S=0.959(0.934-0.971) 
zm 7d 7WARE WA, C. t. striata 57) BES BF S=0.926(0.913-0.952), C. t. 
lutheri 47] AAS BH S=0.850(0.796-0.915) 22 Yel C. t. lutheri) att aea 
7k 7H} BACH. C. t. striata C. t. lutheri F oF 409 Adz Be Saale S= 
0.826(0.790-0.850)9|] 8A, C. t. taeniaSt C. t. striata 9 C. t. taenia C. t. 
lutheri 4099 JA72 Be SARE zz} S=0.656(0.612-0.691)3 S=0.620(0.556- 
0.664)2 = el} C. t. striata9t C. t. lutheri ^]el9] 2SA)7} C. t. taenia} F 9H& 
X9] FAA SAA sap Ss AAS AES F AAH. C t. taenia9* C. t. 
striata) Sul dux Bat caet SETS] JA SAAS Abst C. t. lutheri 
9) dux Až = Avise(1976)7} Bas SYS J42 ZAA BOGE GA uem c.t. 
taenia9) C. t. striata Wl C. t. lutheri) BE FAA SAAS Avise(1976)7} BS Y 
Wael oF 2 ASSET] SI FAW AAY AAAG 

Table 89] S #S EME 3 oF 157) Yds] PAHAA Mö UPGMA "sz 
dendrogram? jt ARE Fig. 4AA BE sto} Zo] 157] BAGS S-0.649]4 C. t. 
taenia 671 4A} 4 FolS 97] guez 3A) 2 group2= Uo] 49» C. t. striata 
C. t. lutheri= S=0.8244 PEA. ieu Fay ZAHANNA C. t. lutheri) x4 
Hadas SY Su $c OUS d Edv HU C. t striata RUER FAA cg 
TAS ALS UERLED OE Got-2 9 Pgi-1 $49] del FAAA žel 7]918t 2 
9 gu. © Table 52} Nei(1972)9] FAA 3042 oc] BS 2 of HQ] Balad 
(Nei, 1975) +243 C. t. taenia Eb Fo}Szt AV A 4719 SAA x7lel sper 
ok 2008hA Ho] BSAMDT C. t. striata} C. t. lutherie ZAA 47191 9t coude] 
Bag Aoz Aaga. 
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fable 6. Allele frequencies obtained from 15 populations of 3 subspecies of Cobitis taenia. Numbers under the 


species name refer to the collection localities listed in Table 1. 


———— ______ ee 


Species C. t. taenia C. t. striata C. t. lutheri 
Pop. 
Locus 2 3 5 7 8 9 12 13 14 15 17 18 20 21 23 


Adh-1 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Adh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Est-1 a .375 .118 .083 .125 .225 .025 
b .300 .400 .156 .026 .200 .550 .735 .750 .575 .750 1.000 .975 1.000 1.000 
c .625 .525 .900 .688 .789 .700 .025 
d .050 .050 184 .075 .075 .147 .167 .275 .025 
e 075 .025 .050 .156 .025 
Est-2 a .075 
b 1.000 1.000 1.000 1.000 1.000 1.000 
c 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .900 1.000 
d .025 
Fum-1 a 1.000 1.000 1.000 1.000 1.000 1.000 
b 1.000 1.000 1.000 1.000 1.000 .800 1.000 1.000 1.000 
» .200 


Fum-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .605 1.000 1.000 1.000 
.395 


Gdh a .075 
.050 .075 
c 1.000 1.000 1.000 .950 1.000 1.000 1.000 1.000 1.000 .850 1.000 1.000 1.000 1.000 1.000 


Got-1 a .075 .025 
.975 1.000 1.000 1.000 1.000 1.000 .950 .925 1.000 .975 .975 .825 .975 .225 .975 

c .025 .050 .025 .025 .175 .025 .175 .025 
Got-2 a .275 .125 .100 .075 .050 .300 .150 .400 .556 .225 .026 .050 

b .053 .950 

c .725 1.000 .875 .900 .925 .950 .700 .850 .600 .444 .775 .105 775 

d .816 1.000 
Gp-2 a 1.000 1.000 1.000 1.000 1.000 1.000 .050 

b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .950 


Gp-3 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Gp-4 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


aGpd a 087 075 125 
b 1.000 .913 1.000 1.000 1.000 .925 1.000 1.000 1.000 .875 1.000 1.000 1.000 1.000 .950 
s .050 
G6Pdh a .075 .050 
.025 


c .400 .917 .050 .050 .025 


164 $heEGSGSSA|9(2, 1998 12. 1. 


Table 6. Continued 


Species C. t. taenia C. t. striata C. t. lutheri 
Pop. 
Locus 2 3 5 7 8 9 12 13 14 15 17 18 20 21 23 


d 1.000 .975 1.000 1.000 1.000 1.000 .850 .525 .083 .750 .950 .575 1.000 1.000 .925 


e .025 .075 .200 .050 
f .425 
Idh a 1.000 .975 .900 .900 1.000 .725 .875 .225 .639 .850 .425 .275 .050 .375 
.025 .100 .100 .275 .125 .775 .361 .150 .575 .725 1.000 .950 .600 
c .050 .025 
Ipo a 1.000 1.000 1.000 1.000 1.000 1.000 
b 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Ldh-1 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 .875 1.000 1.000 1.000 .275 1.000 1.000 .125 
b .125 .725 .875 


Ldh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Mdh-1 a 425 .025 025 025 
.575 .975 1.000 .975 1.000 1.000 1.000 1.000 .975 1.000 1.000 1.000 1.000 1.000 1.000 


Mdh-2 a 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 


Mpi a 1.000 1.000 1.000 1.000 1.000 1.000 
875 .975 .944 .950 .875 .975 .850 .925 .900 
c 125 .025 .056 .050 .125 .025 .150 .075 .100 
6Pgd a 125 .075 111 .025 .025 
b .150 .175 .200 .075 .150 .750 .750 .889 .500 .975 075 125 
c .025 
d .850 .825 .800 .900 1.000 .850 .125 .175 .500 .925 1.000 .900 .825 
e .075 .025 
.025 
Pgi-1 a .050 
b .050 .200 .100 .100 
c .025 .050 .025 
d .975 .900 .800 .925 .900 .900 .025 
e .100 1.000 1.000 .200 
f -900 1.000 1.000 1.000 1.000 1.000 275 
Pgi-2 a .275 .025 .056 .125 250 .025 
.400 .075 .150 .050 .100 .200 .150 


c .600 .925 .850 .950 .900 .800 .725 .975 .944 .875 .750 1.000 1.000 .850 .975 


Pgm a .100 .075 .025 
b 1.000 1.000 .900 .925 1.000 1.000 1.000 1.000 1.000 .950 1.000 .575 1.000 .975  .600 
c .050 425 .400 
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Table 7. The genic variations among 15 populations of 3 subspecies of C. taenia. 


Aa er ee eae ae PE MM MM Ed MM decade MM MM AN Ea M A i uf 


Sample Mean No. Percentage Mean heterozygosity 
Population size per of alleles of loci 
locus per locus polymorphic Direct Expected 

(N) (A) (% P) (Hp) (Hg 

C. t. taenia 
2. Kyongjoo 20 1.3 20.0 .086 .089 
3. Hapchon 20 1.5 28.0 .067 .070 
5. Sangjoo A 10 1.3 28.0 .048 .061 
7. Naeso 20 1.5 32.0 .055 .060 
8. Sanchong 20 1.2 12.0 .021 .028 
9. Chungsong 20 1.4 28.0 .070 .079 
average 1.37 24.7 .058 .065 

C. t. striata 
12. Hadong 20 1.5 36.0 .100 .110 
13. Bibong 20 1.6 28.0 .076 .104 
14. Chongeub 18 1.3 28.0 .064 .077 
15. Sachon 20 1.6 40.0 .108 .126 
17. Imsil 20 1.4 24.0 .064 .080 
average 1.48 31.2 .082 .099 

C. t. lutheri 
18. Seungjoo A 20 1.5 36.0 .087 .135 
20. Nonsan 20 1.2 8.0 .020 .018 
21. Haenam 20 1.4 28.0 .054 .064 
23. Changheung 20 1.6 36.0 .102 .099 
average 1.43 27.0 .066 .079 

a # 


7\22N(genus Cobitis) AŞ} BAA Bol7} AF- Gys baie € Eto] WS 
Hat zee] doge £9 77} SAA BAG SA 8T $$ 959 eee 
Nalbant, 1963). Vladycov(1935) 9+ Ikeda(1936)%= gens oss FA FEAA 
AFA SBSH 23 Ae Saxo] z RRA 229 gA dux wags up eu qax 


X m 


zu garg gb dese] 4 FEA Be Ete] Bo] oS GaAs oga GR 
= 1go) mu ALS] 24 Aizawa(1981)= ASS] Bolo] dis Sao] gp gu elg 
S zs s Va, Kim (1991) & C. longicorpus(2-£78) ANE 5d» SANAA 
9) 


za Holza Kim(1980)9] AFTA 407} VSS BDA. Cobiti& AFF C. 
taeniae ASHE, JIA BE €, BHA SAA aa C. ene taenia(7ISG7), C 
t. striata( $80) 2 C. t. lutheriUd € $701) 3 GLE E53 59)ud(Kim,. 1980). 
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E eee See ee eee! 


94 C. t. taenia 


t. striata 
. Hadong 
. Insil 


Fig. 4. Dendrogram of 15 populations of the three subspecies of C. taenia based on Rogers' (1972) genetic 


similarity coefficients. 


4 Kim 3H Jeong(1987)& $4 C. t. taenia) AWE 9 ada 54) Har C 
} 


lutheri} C. t. striata = ANEY FA] AA C. t. lutheri= BAB Arto] uen 
4 C. t. striata YP WEA o7 ug] eqe dead xepd, BE B ZAN FA 
4}°]|3 Se] C. t. lutheri} C. t. striatal S9 ues ARAIA (Kim and Lee, 
1988). 234 qA} AAE E ATAY 9 789 Bus} BS xol] Yo BHAA TAs 
FIRA. 3ebée] dist Faz EA AY C. t. taeniae &b FAAA 283b AF S = 
0.642 Yael xp pERZS] FUEAAE 71D, Lee $(1986)9] S44 £43» C. t. 
taenia% 2n = 482% C. t. striata € C. t. lutheri2} 2n = 50xHe xe]: sje] SHA 
S$os Atte 70v] ada qaq. aadA xul C. t. taeniad F922 Kim} Lee 
(1988)7} &-$o|dez JEA $3 C. sinensis= HY 7] £-&789- AAAI Ya AF} A 
ASA] SRD, N53 AANER Fao A Sub FA C sinensis 3AA C. t. 
taenia& 2}°|7} 32m, EX C. sinensis $ dus] cL Boot xps4su BE 
abe](Cheng and Zheng. 1987)7} git}. #848 2A QAAE Kim») Lee(1988) $t 
^ NEFA] SAITAS 37 BAZ PHS] also] Heals gala dda sped 
aaah C. t. taenia $341 C. sinensis) SAR BAS Se] uds x(Vladycov, 
1935). FAAEE BBs Wo7} Slel(Kim. 1992) C. taenia complexe #84929] #492 
Aske Ao] AAS ALE ABM. 57] C. sinensis) 8443] 2n = 40(Yu et al.. 


T* 


a 
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Table 8. Roger's (1972) genetic similarity coefficients (S) among 15 populations of 3 subspecies of C. taenia. 


Numbers refer to the collection localities listed in Table 1. 


C. t. taenia C. t. striata C. t. lutheri 

Population 

2 3 5 7 8 9 12 13 14 15 17 18 20 21 22 
2. Kyongjoo .951 .934 .942 .939 .946 .672 .623 .612 .662 .644 .556 .624 .637 .592 
3. Hapchon .012 .959 .968 .964 .969 .687 .651 .637 .691 .670 .582 .648 .655 .622 
5. Sangoo A .019 .009 .971 .971 .967 .679 .637 .624 .676 .660 .574 .635 .649 .611 
7. Naeso .016 .004 .004 .970 .966 .678 .642 .627 .680 .659 .584 .647 .653 .617 
8. Sanchong .019 .007 .004 .003 .965 .670 .630 .618 .667 .651 .574 .645 .645 .603 
9. Chungsong .015 .005 .005 .004 .006 .682 .650 .638 .684 .675 .584 .651 .664 .623 
12. Hadong .364 .335 .353 .353 .362 .349 .918 .913 .941 .952 .790 .828 .832 .827 
13. Bipong .424 .383 .401 .398 416 .382 .033 .932 .912 .940 .839 .844 .850 .842 
14.Chongeub .446 .412 .437 .435 .452 .424 .045 .025 .914 .921 .799 .812 .802 .812 
15. Sachon .360 .329 .350 .345 .351 .342 .012 .032 .043 917 .810 .827 .828 .835 
17. Imsil .400 .364 .381 .382 .400 .368 .014 .014 .044 .027 .810 .844 .848 .843 
18. Seungjoo A .500 .460 .489 .470 .487 .462 .139 .102 .149 111 .131 .813 .796 .915 
20. Nonsan .436 .404 .429 .411 429 .394 147 .122 177 .132 .139 .134 915 .846 
21. Haenam .424 .392 .415 .400 .416 .384 .131 .109 .174 .125 .121 .147 .059 .818 


23. Changheung .468 .432 .461 .444 .461 .437 .127 .106 .153 .106 .124 .023 .120 .144 


1989)9.£& P74 C. t. taenia(2n = 48)9} BS ae|7H UA 71z $709] Jaez FRA 
C. sinensis ^H&$*Hc AS BS] gu. 144 C. t. striata 8 C. t. lutheri) WA 
X Bat FAA SAAS S = 0.8224 rb HHT] SZ HAA FAAA ox aem], aa 
(Lee et al., 1986)= lel ze | WAE S(Kim and Yang, 1993)$2= Ho} 
C. t. striata Į C. t. lutheri 8 $9.z Ase Kim Lee(1988)9] Exp 3g; 
8784. X9 Kimb Lee(1988)= C. t. striata% C. t. lutheri& 8$92 Ese 
NS #849 guae| Ww slew, ole Baye) Sub SAA S8 Kim 
(1980)2] Bus Aag. U7] Saws Hol7} Aad ep SA 98x C. t. 
striata C. t. lutheri} do] FAK BETS THe Paya AB BA 
TAJ X Avi] AJAT ABS SPS AC. t. striata C. t. lutherie YR, BA B 
TAALI cup ERR VAS Ko] Belt}. ceu Table 34 Fig. 244 49440] 
7]e49z SHA C t. striata JASANE YF BF BSS R FUA (A-E)S] PEA 
a7} AS} HAHA Sa, C. t. lutherid'tssl^le SAS SC. t. striata 9] AJAA xt 
X3 F types) WAZ} AA BAZ) SE FST AOS UV. ges SAS AAA ex 
Jog A Uae SHS YS JAAA BHE HAP WEB] sO] BAN C. t. 
striata % C. t. lutheri 9] &3t7H &o|8F& utbglu. C. t. striata % C. t. lutherie 
Su Ex, ep u dou Ea So] obese] Ado xm xeu, 24 BS ASIA FSO] 
He WES Boe AA (H, 1985, Kim and Yang, 1993)& 4E8344 #9 Wo] Ws 
q € WF Lol oS TE B57} FPS Uže Aq. a4 Kim Lee 
(1988) + ofS] 22b AAAA F Of SO] SRA WPESAS BolT slo] of So]ye] E 
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RA dae ze z sAsilou, AA ol(1984)%= 23pd&o]| oye FAZANA ag 
E] 


Be T9] C. taenia NAE) GAY 57H dsl C. taenia complexet AIAH. 
ol C. t. striata9 C. t. lutheri^to]9] ARAA AASB Hols] Az Fog AA 
Al aa AFAA eer FSo] ge Aol], RJAL SSFEUS HAE e 


me ue AHA. o], 1984). 4A ARR PARAS APSA Fro} Cobitis 
(Sabanejewia) aurata complex9] 2°+$°] Yue xt 990A intergradationS] Be x 
Bo] 28% A47 Be se Q4 Banarescu et. al., 1972). 2244 Kim 4 Lee(1988) 
ede AFABEDE de C. t. striata C. t. lutheri& YAH NAA AH 3:39] 8 
aro] pA sje] MESZ AFAL, E AFJ eH WE] ZAA Batt C. 
taenia 3 oS wel ASN) AAJA] BANA. ex C. t. lutheri y 3t 4 
Zo|s884| Vaage Kim} Lee(1988)9] MisHe GS uz] ASE] Aaaa 
AS N72 C. t. striata% C. t. lutheri& '8$9.2 Ex F aega AAAI. 3 of 
2 X C. t. taenia 9) Be FAMAE, C. t. striatal] ABA BEA FAA (F 
type) HHS Holy Qey, Be C. t. striata FAMA} C. t. lutheri FAA MA7) Xt 
Z89u(H type)£ UES xui WS Bol cuu. 02 v|ie| Uchida(1939) 9 
Kim(1980)9] Bue 4E2 FAAN VAJE C. t. striata VEIS C. t. taenia FRM 
ape] AeA AAAG. Es C. t.striata& AAT C. t. taenia 4 C. t. Ilutheri9] 4 
FE u]£E SOR us» Blo $ Sf wit 9 AAAA, BH St BAC, 
D, E)7} 853 SO WES Eds sm, AAAA WE} Ko} ERIA apo] Me 9] 
Ho) ANAG. WES] wee] dist 2 SS Aalst ATE Tad 4b BWou F 
JA C. taenia 9] A9 Apad SEE By] GS tgo} BAM (Lodi, 1976), «dl 
C. t. lutheri] As SBE Hy} JA ARAA WEA} web» We ALS world. 
74. 1988) C. taenia 3°}$2] JWZ Ao] AmzÉs34ez ANAA zx ael 
Jet oz uu. AHAA cS: eb C. t lutheri 24 Ato] oS Bats xu 
C. t. striata} PQA YEZ} C. t. striata C. t. lutheri] AA eg S= 
0.82 9 0.8322 SY Sue] JA eas Aoa Vet. leet Ae] Qo] C. 

lutheri) 933 WE wv opas WESS] FAA uo C. t. striata Mu AAAS 
we AI C. t. lutheri) AYA AFISE DAS A ASA! genetic drift > 
founder effect) A242} 47214 JAA xtspejis Soe Bo Was EA] erat. 

ER eue dej ay u AJAT Eq! so E ou 189 $4 C. taenia 
complexel 4a] QA C. taenia 3448 47) 388 3AA AFL 4u9] BE C. t. 
taeniac 588 $22, C. t. lutheri} C. t. striatae oeste BHT] eaka A} 
Bur. agy 9-4 C. taenia 34e FAA 9 FFAA ERGA EAA) Ala Us 
Nts] #ASSR JAAN s qox gA Hs APE AAA S ae]. 
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9| aE 85a SAG. NEFA 3 FS BH BSA AANE gA Se 

yai do ao) mesi. JAAS s gad MARYJA gaz Y 

ogno ag gos YAAA JA. ANAFAA AA Haz BAAD 3 

oles zc 5A des Bat FAA 7b A=1.48, P=31.2%, Hp= 

0.082 € Hg=0.09924 718871(A=1.37, P=24.7%, Hp=0.058 2 Hg 
0 


065) 8 8271(A-1.43, P=27.0%, Hp=0. 066 a Hg=0.079) ej ust 
o zpoHÉe| FAA PAA sel NEFNA SEA 
AS} sut SAA seda] S-0.6424] ANA PFARA F0) 
AL S=0.8224 +S FEY HAA ZAVAS 
, 8 az BAYA SSE BF 
of Ez} et 200xhd Ao] Esp agea ABA. 7)SS70(C. t. taenia)9| F 
Wago Qo] e]u] Sz: ARCS, JA, EEX€ SSS Yast cu Seat C. 
sinensis we Lo]zb QA Mart 7JBSNS Sart C. sinensis Sauvage 
and Dabry 9| synonym’ 2 BE AS BYP} gu. 284 EFNA PSS 
AE ugue SASS DAF y opBez APE Ro] aada AA 
zm geg ol So] Wet tye] AHER LTA. 
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